ABSTRACT The effect of 90% RH on the embryonic development of Hyalomma marginatum marginatum Koch was investigated at 25ЊC. Under the inßuence of this factor, 2.1% dead eggs, 13.0% dead embryos, 6.9% abnormally hatched larvae, 0.2% larvae with malformations, and 77.8% normal larvae appeared. The embryos died during the cleavage of nuclei, the formation of the blastoderm, the formation of the germ band and its metamerization, and the differentiation of the leg anlagen. Egg hatch was also inhibited in various phases. Various kinds of anomalies were observed in larvae of Hyalomma m. marginatum. Most teratological changes (70.8%) occurred within the idiosoma. They were hetromorphose (32.6%), oligomely (15.4%), heterosymely (12.3%), symely (1.5%), atrophy (6.1%), and ectomely (3.1%). Anomalies within the gnathosoma occurred rarely (3.1%). As many as 26.2% larvae had composite anomalies (oligomely, heterosymely, atrophy) together. They contained various structures of the gnathosoma or idiosoma. These anomalies decreased the survival rate of the larvae. The investigations showed that during the formation of the blastoderm, the formation of the germ band and its metamerization the embryos have the largest susceptibility of being affected by high humidity. Some anomalies in specimens collected from nature may develop under inßuence of unfavorable humidity levels.
Hyalomma marginatum marginatum Koch is known as a potential vector of the etiological agents of CongoCrimean hemorrhagic fever and tick-borne encephalitis, of the rickettsia, Coxiella burneti Derrick, and the protozoon, Theileria equi Mehlhorn et Schein, Theileria annulata (Dschunkowsky et Luhns), and Babesia caballi (Nuttall) (Hoogstraal 1956 , Nosek and Folk 1977 , De Kok et al. 1993 , Habela et al. 1993 ). The species is widely distributed from the Mediterranean areas through southern Russia, the Near East, North Africa to Indochina, and India (Hoogstraal 1956 (Hoogstraal , 1979 Kolonin 1983 ). This tick species has a wide host range that includes humans.
There have been numerous laboratory studies conducted on the effect of temperature and humidity on the development of ticks. Most of them concern observations on the developmental period and the rate, survival, and reproduction of the ticks. However, there is little information on the course of embryogenesis in these arthropods and on the inßuence of various factors on this process.
The purpose of this study was to investigate the effect of high relative humidity on the embryogenesis of H. marginatum marginatum.
Materials and Methods
Adult H. marginatum marginatum ticks were collected from cattle in Syria in August 1988 and reared in the laboratory at constant conditions of 25ЊC and 75% RH in the dark. Rabbits were used as hosts for adults and larval stage only once. Infestations by the imagines took place in sacks glued onto a sheared rabbit skin. The engorged females were collected daily. Eggs laid by various females constituted the material for these investigations. Each batch was transferred into the incubation chamber at 25ЊC and 90% RH and kept under these conditions during the whole embryonic development. The relative humidity required was obtained with the use of Na 2 C 2 O 4 (RH 90%) and K 2 C 4 H 4 O 6 (RH 75%) in saturated solutions (Winston and Bates 1960) . The experiments were checked every day. Dead eggs, dead embryos, abnormally hatched larvae, larvae with morphological anomalies, and normal larvae were recorded.
The control consisted of experiments in which the embryonic development and egg hatch of this species took place in a temperature of 25ЊC and 75% RH. Earlier studies (Buczek 1993a) found these conditions optimal for the development of the larval stage of H. marginatum marginatum. Egg batches of H. marginatum marginatum were divided and then placed into two incubation chambers. The U test (P ϭ 0.05) was used to determine signiÞcant differences between experimental and control groups.
The morphology of larvae with malformations developed at 90% RH was investigated in detail using light and scanning electron microscopes. For exami-nation in SEM the specimens were dehydrated in alcohol, dried in an exiccator and coated with gold. Anomalies in H. marginatum marginatum larvae were classiÞed similarly as in Coleoptera (Balazuc 1948) and Opiliones (Juberthie 1964) . Anomalies were separated into three groups: anomalies within gnathosoma; anomalies within idiosoma; and composite anomalies where two or more teratological changes in the larva occurred.
The specimens with anomalies have been deposited in the tick collection, Department of Biology and Parasitology, Medical University in Lublin.
Results
The eggs of H. marginatum marginatum have a centrolecithal structure. First, the dividing nuclei migrate toward the egg surface and then the superÞcial blastoderm is formed. The blastoderm cells proliferate to form the germ band, which undergoes the metamerization. Then the differentation of the Þrst to third leg anlagen, the contraction of the germ band, the formation of the fourth leg anlagen, the formation of the rectal sac and Malpighi tubules, the segmentation of three pairs of legs and development of their claws, the regression and retraction of the fourth leg anlage, and the full development of the cuticule in larva occurs. The embryonic development of H. marginatum marginatum lasted 28 Ð39 d under conditions of 25ЊC and 75% RH.
The rate of embryonic development of H. marginatum marginatum is shown in Table 1 . Under the inßuence of 90% RH, as many as 13.0% embryos died during the cleavage of nuclei, the formation of the blastoderm, the formation of the germ band and its metamerization, and the differentiation of the leg anlagen. In 6.9% specimens, the inhibition of egg hatch was observed in various phases, e.g., during eggshell cracks and the emergence of each body part from eggshells. The break of eggshells in H. marginatum marginatum started from the posterior part of the body; Þrst legs emerged and then the gnathosoma of the larvae. Abnormally hatched larvae had drawn up legs and anomalies of the gnathosoma. They were characterized by shorter survival times than normal larvae. At 90% RH, the percentage of egg hatch was lower than those reared at 75% RH (77.8% hatch compared with 87.8%). Of those that did hatch, 0.2% were abnormal larvae (Table 1) . Larvae with morphological anomalies come from various batches laid by different females of H. marginatum marginatum.
Among the anomalous individuals, various kinds of monstrosities were found (Table 2 ). There was the complete absence of appendages (oligomely), the fusion of appendages lying on the same side of the idiosoma (heterosymely), the fusion of appendages lying on the opposite side of the idiosoma (symely), the formation of supernumerary appendages (polymely), the reduction in the length of appendages (atrophy), the deformation of appendage segments and joints (hetromorphose), and changes of place implantation of appendages into idiosoma (ectomely).
Most teratological changes (70.8%) occurred within the idiosoma of H. marginatum marginatum larvae. Among the most frequent were heteromorphose and changes in the joints of appendices (32.3%), oligomely (15.4%), and heterosymely (12.3%). Single anomalies within the gnathosoma appeared rarely (3.0%). 26.2% of abnormal larvae had two or more teratological changes (composite anomalies).
Anomalies within the Larval Gnathosoma. Most frequently several teratological changes within gnathosoma appeared together. Anomalies occurred only in the gnathosoma or simultaneously within the gnathosoma and the idiosoma. In the gnathosoma, the following anomalies were observed: atrophy of chelicerae, palps and hypostome, oligomely of hypostome and palps, the deformation of chelicerae, palps and basis capituli, or abnormal number and structure of teeth on hypostome (Figs. 1Ð 4) . In most larvae, anomalies in the idiosoma, such as changes in number and the structure of legs (Figs. 5 and 6), as well as asymmetry and deformation of tick body, accompanied teratological changes of gnathosoma (Fig. 7) .
Anomalies of the Idiosoma. Anomalies included within this group concerned primarily the legs of larvae (Table 2) . Larvae with one-sided and two-sided reduction in the number of legs (oligomely) hatched at 90% RH. This anomaly did not impede the movement of larvae in these experiments. The legs of larvae were not grown together over their full lengths (partial heterosymely). Most frequently the legs of the second and of the third pair fused (Fig. 8) . However, rarely three neighboring legs were grown together. The legs were fused in various segments, e.g., in coxa, trochanter, femur, genu, and tibia. Fused legs were shorter and thicker than those of normal ones. They often were also malformed. Larvae with heterosymely of legs showed difÞculties in movement. Symely was observed in only one larva in which the coxae of the Þrst pair of legs and basis capituli were coadunante. Free segments of these legs were normally developed. This specimen was not capable of movement. In some larvae, various leg segments underwent changes in shape. In some examples of deformed segments, there was a little surface of the joints. These legs were strongly curved and that made locomotion difÞcult. Reductions of leg length (atrophy) were caused by the absence of one, two or three leg segments. This anomaly was observed in 6.1% larvae of H. marginatum marginatum. The coxae of legs were situated abnormally on the basis capituli or near the longitudinal achse of the body in 3.1% larvae (ectopy).
Discussion
Embryogenesis and molting of immature and adult stages belong to the most critical periods during the development of ticks to maintain water homeostasis (Heath 1979 (Heath , 1981 Knü lle and Rudolph 1982) . The observed data indicate that high relative humidity of 90% harmfully inßuences the embryonic development of H. marginatum marginatum maintained at 25ЊC. Under these conditions, strong disturbances of em- bryogenesis in this tick species appear. The pathological consequences of unfavorable humidity are the high rate of embryo mortality, the high rate of abnormally hatched larvae, and the development of larvae with morphological anomalies. H. marginatum marginatum exists in the dry savannah regions. Humidity stress acting during embryonic development might produce morphological anomalies that are described for the Þrst time in our experiments. The results showed that relative humidity might inßuence the distribution and population density of the tick species examined. There was evidence that unfavorable humidity conditions (90% RH) broke or delayed egg hatch of Argas reflexus (F.) (Buczek 1991), which prefers low humidities. We observed that 42.8% of larvae were not able to release the appendages from eggshells or to move. Statistical analysis showed connection between greater developmental disturbances and the maintenance of A. reflexus embryos at 90% RH. Similar observations have been made for other ticks of the families Argasidae and Ixodidae. The eggs of tick species preferring high humidity levels, such as Boophilus annulatus (Say), Ixodes ricinus (L.), Ixodes holocyclus Neumann, Hemaphysalis longicornis Neumann, and Rhipicephalus sanguineus (Latreille), failed to hatch under low humidity conditions (Czapska 1967 , Heath 1979 , Davey 1988 , Yano et al. 1988 A.B., unpublished data) . High egg mortality in ticks may also occur after mechanical injury to the egg batches. In our control group, 11.0% of H. marginatum marginatum eggs originating from divided egg batches died.
The course of embryogenesis in H. marginatum marginatum is generally similar to that of other tick species (Aeschlimann 1958 , Anderson 1973 , Sitnikova 1978 , Aeschlimann and Hess 1984 , Balashov 1985 , El Kammah et al. 1982 , El Gohary et al. 1986 , Fagotto et al. 1988 , Shiraishi et al. 1990 , Koryciak-Komarska 1995 . The differences between tick species are expressed in the duration of their prehatching periods and mechanism of the germ band contraction (blastokinesis). Telson migrates toward acron in Boophilus calcaratus (Birula) (Wagner 1894 , according to El Kammah et al. 1982 . However, in other tick species examined, such as Ornithodoros moubata (Murray) (Aeschlimann 1958 (Aeschlimann , 1961 Aeschlimann and Hess 1984) , A. reflexus and Argas polonicus Siuda, Hoogstraal, Clifford et Wassef (Koryciak-Komarska 1995) , Hemaphysalis longicornis (Shiraishi et al. 1990 ), simultaneous movement of acron and telson was observed.
The kinds of observed anomalies in H. marginatum marginatum larvae show that the embryos during the formation of the blastoderm, the germ band matamerization, and the contraction of the germ band are the most susceptible to be affected by high humidity levels. At this time, segments of the three initial pairs of locomory limbs and the pedipalp segment are formed. In this study, most teratological changes occurred within legs of larvae. Simultaneously to germ band contraction, the concentration of gnathosoma building buds occurs. Therefore, morphological anomalies in palps, chelicerae, and hypostome often accompanied changes in the structure of locomotory appendages. The loss in the germ band cause changes and shifts in embryonic material and the development of anomalies such as oligomely, atrophy, heterosymely, symely, schistomely, polimely, and ectopy. Numerous composite anomalies in larvae result in the great range of the harmful action of this factor.
The deformation of leg segments may be caused by the disturbances of metamere formation, the segmentation of legs and the abnormal hatching of H. marginatum marginatum larvae.
Changes in the structure of gnathosoma belong to the most important anomalies not only for the attachment and feeding process but also from the taxonomical standpoint. The shape of hypostome, the number of rows and Þles of hypostomal teeth, the shape of palpi, the structure of chelicerae, and the shape of basis capituli are the characteristics of gnathosoma normally used to distinguish the species of ticks. Anomalies within taxonomically important features of gnathosoma and idiosoma may complicate or prevent faunistic studies (Buczek 1995 (Buczek /1996 (Buczek , 1997 . Most identiÞcation mistakes result from local anomalies observed in these studies. Apart from local anomalies, Campana-Rouget (1959a) described general anomalies in ticks such as changes in body shape, asymmetry, nanism, gynandromorphism, and duplication. These anomalies may also cause diagnostic mistakes but their importance for taxonomic work is small (Buczek 1995a (Buczek , 1995 (Buczek /1996 (Buczek , 1997 .
Studies on the experimental teratogeny in H. marginatum marginatum compared with other arthropods show great similarity in monstrosity formation. In other arachnids there were also anomalies such as oligomely, polimely, schistomely, heterosymely, symely, and atrophy, which were a result of other factors, e.g., temperatures (Juberthie 1963 (Juberthie a, 1964 (Juberthie , 1968 Jacunski 1969b Jacunski , 1971 Jacunski , 1981 Jacunski , 1983 Jacunski , 1984 Mikulska and Jacunski 1970, 1971; Mikulska 1973; Buczek 1992 Buczek , 1992 Buczek /1993 Buczek , 1993a Buczek , 1995b , centrifugation of mature females (Ehn 1962 , Jacunski 1969a ) and eggs (Sekigushi 1952) , chemical compounds (Campana 1947; Ehn 1963a Ehn , 1963b Buczek 1993b Buczek , 1993c Buczek , 1996a , and after feeding on sensitized hosts (Latif et al. 1988, A.B., unpublished data) .
Morphological anomalies reared under experimental conditions are similar to those found in nature (Olenev 1931; Delpy 1936; Feldman-Muhsam 1950; C erny 1957; Campana 1947; Campana-Rouget 1959a , 1959b Tovornik 1987; Buczek 1990 Buczek , 1996b Buczek et al. 1991) . These studies indicate, thus, that unfavorable humidities can cause teratological changes in ticks.
